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111 1 he previous studies , ,ve diseusscd the spalial equilibrium model applied in a perfectly 
competitivE'" market. However, in some cases, the TTltlrket may be explained in an imperfect 
eompel.ition 1T1odel. In a perfectly competitive market, the price di fferenc:e hetween any two 
de mand market'> is less than or equal to the tran.sportat ion cost among those markets. But such 
a situation may not occur in an imperfectly competitive market, t hat is, the price difference 
ber.ween any two demand markets may be larger than the t.ransport.ation cost. Theil, in such a 
case, the transfer of the prodlJ(~ '- would take place among those two markets. In th is study, WP. 

would like to <lj~c:u~s the problem of introducing tra.lI~ rer in to Ult~ s pa t ial equilibrium model and 
apply it to t.he Japanese milk indus t.ry. 

INTROD UCTIO N 

Price structure in the Japanese milk industry 
It is useful to understand the complicated priee structuro (Fig. 1) of the Japanese 

milk industry before we apply the spatial price equilibrium model to it. Dairy price 
support in Japan was first implemented in 1961. Producer priGes for manufacturing milk 
were supported v.rithin a price "band" through intervention by the Livestock Industry 
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Fig. 1. Structure of deficiency payment system in the Japanese milk industry 
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Fig. 2. Price support in the Japanese milk industry 

Promotion Council. Thereafter, the dairy price support policy was revised by the 
Temporar~l La\\' on Deficiency PaYTnents for manufacturing milk producers in 1966. 

Price support is based on t.hree linked policies: deficiency pajinents to manufacturing 
milk producers, market intenrention for certain dairy products, and state trading of dairy 
products. The deficiency payment is the core of the price support program. Farmers 
receive a deficiency pa:yrnent equal to the difference between a guaranteed price and a 
standard transaction price of manufacturing milk. The Japanese govenunent conducts 
both prices. (Fig. 2) 

Payments are made to eligible milk producers' associations for a fixed quantity of miik 
used for specified milk products. The specified milk products are butter, skinuned milk 
powder, sweetened condensed whole milk, s\\'ectened condensed skimmed milk, \vhole 
milk povi'der, sweetened milk powder, condensed whole milk, skilluneu milk fur animal 
feed, and natural cheese. The first four products are further classified as "designated 
milk products". 

The guaranteed price is set to maintain the production of raw milk in districts where 
most of the milk enters the manufacturing sector. Milk production costs in Hokkaido have 
served as the base for this price in recent years. The st.andard transaction price is based 
on t.he selling price of milk products after deductions are made for averagp. mannfac.t.ming 
and handling costs. The stabilization indicative price is the domestic market price for the 
designated products. 

If the domestic market prices of designated products were not maintained at least at 
the stabilization indicative price, manufacturers would have no incentive to buy rm,v milk 
at the standard transaction price. Intervention purchases of designated products by the 
Livestock Industry Promotion Council are designed to maintain that incentive. 

Intervention is based on deviations from the stabilization indicative prices. The 
Livestock Industry Promotion Council is expected to purchase designated products when 
offered by manufacturers or rrillk producers' associations at prices equal to 90 percent of 



Intmducing the TramfeT oj Pt·odl.l..cts into the Spatial Equ:ilibri'Um Model 237 

the stabilization indicative prices. There are some conditions when these purchases may 
not be required_ The Council may sell a designated product when its market price is 104 
percent of the stabilizat ion indicat ive price . 

The backgronnd of this study 
There is not much difference between the quality of fluid milk and that for further 

processing (hereafter referred to as "manufacturing milk"). However, in most cow1tries, 
the fluid milk price is higher than the price for manufacturing milk. TIlis is because the 
policy in each COWltry is usually set up to alleviate the seasonal variation in the price and 
supply of raw milk. 

The total revenue of a raw milk producer is relative to the price d iscrimination 
existing between fluid milk and manufacturing milk. Such price discrimination can exist 
because fluid milk demand has less price elastieity than the demand for manufacturing 
milk (Le., an equal percentage of change in both prices results in a smaller percentage of 
change in the demand quantity for fluid milk)_ Additionally, t.he selling quantity of fluid 
milk is restricted in comparison to ma.nufacturing milk. Therefore, if the fluid milk price 
is kept higher than that of manufacturing milk, then, even if the same level of total supply 
is maintained, producers may still be able to increase the total revenue. For this reason , 
milk producers and sellers try to make fluid milk premiums as large as possible. 

It is necessary to prevent not only a conflict of interests among producers, but also 
the liquidation sale of cheaper manufact.uring milk as fluid mi lk. In order to gain the 
ad.vantage of selling at and maintaining t.he premiums, according to Suzuki (1994), the 
£o11O\,ing conctitions should be met: 

1) Establish regional unitary organizations of milk shipment and sale; 
2) Pay dairy farmers at the pooled or blend price Ca weighted average price for milk 

sold in the fluid and manufact.uring milk markets); and, 
3) form regula tions regarding the prohibilioll of liquidating manufaeturing milk as 

fluid mille 
To maint.ain these conditions and keep the product.ion and prlce of milk stable, most 
cuuntries' goverlUllents intervene in their dairy industry. 

In Japan, t.he Deficiency Payment Law for manufacturing milk ,',ras enacted in 1966 to 
maint.ain the stability of t.he dairy market. The contents of t.his law include the 
designation of only one legal organization of raw milk producers (Shit.ei Seinyu Seisansha 
Danlai, abbreviated as "Shiteidantai") ill each prefecture (Tofuk~n) that can deal with the 
prefecture's milk supply based on this law_ At that time , the production of raw milk was 
small and most of it was traded Vvithin each prefecture. Because of substantial increases 
in production and the technological improvement of transportation, the marketing of raw 
milk broadened, crossing prefecture boundaries throughout the country as Table 1 
indicates_ Furthermore, follmving the GATT Uruguay Round, the manufact.uring milk 
market in Japan is going to be~ome international. 

Under t.he open market , we have to reform t.he demand and supply adjustment 
system of raw milk based on the Deficiency Payment Law. For example, Japanese 
organizations may have difficulty in maintaining their current degree of market power 
after dairy trade liberalization unde l' GATT, because decreases in manufacturing milk 
prices will cause more competition between Hokkaido and the rest of Japan over fluid 

----- - -- - -- ,,-- ,------
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milk marketing. Fluid milk prices may decline sharply if coordination between the two 
regions collapses. Therefore, Japanese organizations are now seeking a ne\~T system to 
avoid chaos in the fluid milk market after dairy import quotas are replaced hy a tariff 
equivalent. 

Milk markets are not perfectly competitive. Price discrimination exists between fluid 
and manufacturing milk markets, reflecting the market power of designated organizations 
and processors; (i.e., fluid milk prices or premiums are determined by the degree of 
competition in the milk market). Therefore, a measure of the degree of market compe­
tition should be int.roduced in the econometric modeL For the Japanese milk market, 
some imperfect cornpelilion models have been developed. For example, a t.wo-region 
model t.hat focuses on competition and coordination bet\veen Hokkaido and the "Tofuken" 
(the rest of Japan) ,v~as used to evaluate the effects of reduced Japanese milk price 
supports. The other one is a national model developed for the evaluation of the 
effectiveness of generic Hulk promotion. Kawaguchi and Suzuki 0993, 1994) developed a 
spatial model of the imperrect competition equilibrium for mult.iple regions. 

The problem regarding the reform of t.he demand and supply adjustment system of 

rmv milk is not unique to Japan, but is also faced by the USA and other countries after the 
GATT Uruguay Round agreement. The new agriculture law for the uSA which ... vas 
enacted on April 4, 1996 includes: 1) The policy of supporting pa3-'ITlent for manufacturing 
milk \\-ill be canceled by degrees over four years; and, 2) The existing system of 33 
marketing orders is going to be reduced to 10 to 14 orders. This reformation is a hot 
topic. Due to a similar situation, the USA's analysis in reform of the demand and supply 
adjustment system in the raw milk market may apply to our econometric model. 

If we look back over our former research process, there are still two fundamental 
problems to be resolved and presented regarding the improvement of the existing 
econometric model. First, we have to consider t.he possibility of transfer among markets 
in t.he imperfect competit.ion model (oligopolistic market). If the price difference is larger 
t.han the transportation cost (or transaction cost) between two different. local markets, 
the transfer may occur between those markets. Secondly, a simplification of the division 
of the whole t.arget area needs to occur such that each local area includes only one 
designated organization in the existing model. However, in practice, some local areas 
<:over more than Lwo designated. organizations. The problem is how Lo amend. the exisLing 
model to closely represent t.he real world. \Ve focus our attention on the first problem in 
this study. 

It is hard to analyze the \vhole structure of this imperfect competition model "ith the 
limits of available space. Therefore this study is restricted to the following discussion, 
assuming the designated organization of the Cournot-Nash type. In other words, 
producers in each producing region determine their export and product.ion quantities in 
accordance with the Nash nOll-cooperative rule: to maximize their profits by assuming 
that their decisions do not affect those of producers in other producing regions. 

DESCRIPTION OF THE EXISTING MODEL 

The current model we are researdung is called a Spatial Nash equilibrium model. It 
incorporates a "dual structure" which describes the behavior of an oligopolistic market 
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Table 1. Regional demand and supply ()fthe .Japanese raw milk market (19!J:1) 

Input 
Output 

1 Hokkaido 
2 Tohoku 
3 Tozan 
4 Hokuriku 
5 Tokai 
6 Kinki 
7 Chugoku 
8 Shikoku 
9 Kvushu 

Total 

I Hokkaido 
2 Tohoku 
3 Tozan 
4 Hokuriku 
5 Tokai 
6 Kinki 
7 Chugoku 
8 Shikoku 
9 Kyushu 

Total 

1 Hokkaido 
2 Tohuku 
3 Tozan 
4 Hokuriku 
5 Tokai 
6 Kinki 
7 Chugoku 
8 Shikoku 
9 Kyushu 

Total 

1 2 

23.4 3.1 
0 25.2 

0.6 12.9 
0 0.1 
0 0.6 
0 0 
0 0 
0 0 
0 0 

24.0 41.9 

_ .. 
)!l!j) Fluid uU!!' Ittarkeki (10,000 tl 

3 4 

23.0 0.8 
30.7 0.6 

112.2 1.7 
1.3 14.9 
4.7 0.7 
3.0 0.1 
0.9 0 
0.5 0 
5.9 0.1 

182.1 18.8 

5 

5.0 
2. 1 
6.7 
0.6 

4 1.4 

0.6 
0.2 

0 
0.3 

56.9 

6 

14.8 
2.3 
6.4 
0.3 
3 n ., 

10.5 
12.8 
10.5 
6.7 -. 

77.0 -

7 

0. 1 
o 

l.l 
o 

0.1 
4. 2 

23.0 
0.5 
!l.7 

32.7 

MauufacLured milk Imukets Total 
wiJrir.-'~UOia ('\'Er-1juota ~uhlotal ( 10,000 tons) .. _---

188.0 87.9 275.9 346.1 
16.7 13.1 29.8 90.6 
12.1 11.3 23.3 167.4 
0.6 --D. I 0.4 17.7 
3 .2 0.6 3.8 55.4 
0.1 2.0 2. 1 3fU 
1.3 2.6 3.9 42.2 
1.2 0.8 2.0 22.6 

11 .9 5.9 17.7 81.9 
235.1 124.1 359.1 859.0 

Pooled pice Fluid mill: within--qoota AuthorUation Exceeding amount 
price quantity (1) -~) ('HI) (yelV"kg) (yerYkg) (1O,1XXl tons) (10,too LON) 

74.90 104.42 188.0 2 15.0 27.0 
& .69 101.74 16.7 17.8 1.2 
94.15 102.68 12.1 12.9 0.9 

103.43 105.00 0.6 0.7 0.1 
97.24 105.10 3.2 3.4 0.2 

103.60 103.37 0.1 0.1 0.0 
96.01 102.79 1.3 1.4 0.0 
99.12 101.95 1.2 1.3 0.0 
96 .13 104.61 11.9 12.8 0.9 

235.0 265.3 30.3 

Total of .. ,,_ .. _- -
8 9 fluid milk 

0 0 70.3 
0 0 60.8 
0 2.5 144.0 
0 0 17.2 

0. 1 0.2 51.6 
5.5 0 33.0 
0.4 1.0 38.3 
9.0 0.1 20.6 
0. 1 47.4 -~ 

15.2 51.3 499.9 

characterized as a Nash non--cooperative game. The details of the model are described by 
Kawaguchi and Suzuki (1994), Kawaguchi at al. (1994) . In this study we only present the 
essentials due to the limited number of pages. 

The whole target area of this analysis was divided into 9 regions all over Japan, with 
the geographical scope of producing region i the same as consuming region i (refer to 
Table 1) . Small-scale raw milk producers connect with the designated organization and 
then consign raw milk marketing to the organization in each producing region. The 
designated organizations sell the consigned raw milk as profitably as possible throughout 
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Table 2. Linear demand function of fluid milk for each region (1993) 

Basic Data 
Demand functions of fluid milk Dernand,D Fluid milk prir.e Price elasticity 

(10,000 ton) PO (yen/kg) of demand 

D (I) = 44.2609 - [11938 xPO(I) 24.0287 104.42 -0.842 
0(2) = 74.1382 - 0..3170 x PO (2) 41.8860 ]01.74 -0.770 
D (3) = 293.7660 - 1.087;J X I'D (3) 182.1240 102.68 -0.613 
D (4) = 32.9096 - 0.1341 X I'D (4) 18.8270 105.00 -0.748 
D (5) = 87.6106 - 0.2927 x PD (5) 56.8531 105.10 -0.541 
D (6) = 137.9956 - 0.5900 X PD (6) 77.00oG 103.37 -0.792 
0(7) = 54.5941 - 0.2127 X PO (7) 32.7303 102.79 -0.668 
D (8) = 23.461.] - 0.0814 x PO (8) 15.H::i51 lUL95 -0.547 
D (9) = 95.0161 - 0.4179 X PD (9) 51.3046 104.61 -0.852 

Table 3. Linear supply function of raw milk for each region (1993) 

Supply functions of raw milk Supply, S 
(10,000 ton) 

--------------------------~ 

S (1) = 

s (2) = 

S (3) = 
S (4) = 

S (5) = 

S (6) = 
S (7) = 

S (8) = 

S (9) = 

-B/.1262 + 5.9181 X MP (1) 
-3.2098 + 10953 x MP (2) 

-63.6384 + 2.4537 X MP (:J) 

-14.3267 + 0.3095 x MP (4) 
-46.0904 + 1.0339 X rv[p (5) 

23.1160 + [UI54 X MP (6) 
-14.2531 + O.[}880 X MP (7) 

1.7684 + 0.2100 X MP (8) 

-80.16;19 + 1.6855 x MP (9) 

346.1376 
90.6463 

Hl7.:3814 
17.6873 
55.441::: 
35.0721 
42.2190 
22.5848 
81.8584 

Basic Data 

Pooled price Price elasticity 
MP (YEn/kg::· of supply 

:"'---------'''-=''':'''~ 

74.90 
85.6~l 

94.1G 
103.43 
97.24 

103.60 
96.04 
99.12 
96.1:1 

1.2806 
1.0304 
1.38()2 
1.8100 
1.8133 
0.3409 
1.3376 
0.9217 
1.9793 

Japan and decide hO\v to distribute the revenue in advance based on the pooled milk price 
(caicuiated by a fixed formula). There is one thing different from the usual oligopolistic 
firm in this case. The profit does not belong to the designated organization, but should be 
returned to the members of the cooperative association (producers). 

The designated organi;,.:;ations can sell the raw milk either for fluid milk or for 
manufacturing materials in each consuming region. Moreover, the goverrunent pays the 
designated organization a deficiency payment that is equal to the difference between the 
guaranteed price and the standard transaction price within the permitted quota. 
Manufacturers are obligated to buy raw milk at the standard transaction price for milk 
sold. Fluid milk prices that are determined by negotiat.ion between the manufacturers 
and designated organizations are variable through the relat.ion of demand and supply. 
Needless to say, the price may be affected by the degree of competition or cooperation 
among the designated organizations. 

These designated organizations pay the small-scale producers at the prefecture-wide 
uniform pooled price, then each producer can determine the quantity of raw milk he will 
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Table 4. Unit transportation cost of raw milk (Fmt: yen i kg) 

Hokkaido Tohoku Tozan Hokuriku Tokai Kinki Chugoku Shikoku Kyushu 

1 2 3 4 5 6 7 8 9 

Hokkaido 1 0 14.79 17.11 20.25 19.49 17.58 23.95 2006 31.35 
Tohoku 2 14.79 0 843 11.15 15.06 1741 22.88 19.90 29.14 
Tozan 3 17.11 8.43 0 9.40 8.75 11.93 1741 14.42 23.67 
Hokuriku 4 20.25 11.50 9.40 0 6.49 8.75 14.28 10.78 20.54 
Tokai 5 19.49 15.06 8.75 6.49 0 5.52 11.15 7.88 17.41 
Kinki 6 17.58 17.41 11.9,1 8.75 5.52 0 8.11 3.92 14.28 
Chugoku 7 23.95 22.88 17.41 14.28 11.15 8.11 0 6.18 8.75 
Shikoku 8 20.06 19.09 14.42 10.78 7.88 3.92 6.18 0 12.62 
Kyushu 9 31.35 29.14 2a.67 20.54 17.41 14.28 8.75 12.62 0 

Source: Please refer to Suzuki and Kawaguchi (1996), Table 7. 

produce. Namely, the small-scale producers are assumed to behave as price- takers. The 
designated organizations receive a 2-yen/kg corrunission on sales after the transportation 
fee is deducted as a cost (as Table 4 indicated). In addition, the deSignated organizations 
cannot control the raw milk production and consigned quantity for dairy farmers, which 
are decided by those farmers themselves and based on the pooled price. Although the 
federation of designated organizations set up short-run production limitations, there is no 
proollction limitation for the long run hecause of the change in the shmt-nm limitation's 
self. 

The relation between each producing region's production and pooled price, as shown 
in Table 3, is the region's supply function (the same as the marginal cost function), and 
the relation between each consuming region's fluid milk demand and its market price, as 
ShQ\VIl in Table 2, is their respective demand function. To make the model obvious we 
still maintain the deficiency payment but ignore the production limitation. 

The model incorporates a "dual structure" in which there are oligopolistic designated 
organizations (consignment sellers or producer marketing boards) and perfectly 
competitive producers (price-takers) receiving pooled returns. Actually, the raw milk 
market is an imperfectly competitive market composed of designated organizations and 
giant dairy manufacturers (Le. Snow Brand, Meiji, and Morinaga). In addition, there are 
numerous geographically separated producing regions that make the model complicated. 
Therefore, we call this model a dual structure imperfect competition spatial equilibriwn 
modeL 

THE PROBLEM TO BE SOLVED IN THIS STUDY 

Considerjng the above dual structure imperfect competition spatial equilibrium 
model, the designated organizations maximize sales revenues for consigned milk, and 
return the pooled price to milk producers. The problem is how to decide the equilibrium 
of the consigned milk quantity and the pooled price. We can get the answer by solving 
the Quadratic Programming Problem (QPP) or Linear Complementary Problem (LCP) 
(Kawaguchi and Suzuki (1993, 1994), Kawaguchi et al. (1994)). In this paper, we do not 
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explain the forrTlulations for solutions for both methods. 
Because any designated organization can, individually or in coalition with other 

designated organizations, sell the consigned milk as a price-taker or according to 
Cournot-Nash behavior, many combinations of marketing behavior for designated 
organizations can be simulated. 

If designated organizations behave as price-takers, and each designated organization 
maximizes its sales revenues by assuming that its decisions do not affect those of 
designated organizations in ot.her prefectures, then we can call this case the "dual 
structure" perfect competition spatial equilibrium model (the solution is shown in Table 
5). The aIDOlmt of milk allocat.ed to the fluid market in the perfect competition solution is 
substantially higher than the actual amount allocated (see Table I). This is due to the 
assumption that agents act as price-takers, which results in the equality of the 
price-across-markets net for transportation costs, instead of the equality across markets 
of the "perceived" marginal revenues net for transportation costs. Consequently, fluid 
milk prices and producer-pooled prices in the perfect competition case are much lower 
than actual levels. In this case, however, the difference in fluid milk prices across markets 
is the same as the transaction costs across markets, making profitable intermarket 
transfers impossible. 

If each designated organization acts according to the Nash non-cooperate rule, and 
each designated organization maximizes its sales revenues by assuming that its decisions 

Table 5. Equilibrium solutions under dual-structure of perfectly competitive markets (1993) 

Input 
Output 

1 Hokkaido 
2 Tohoku 
3 Tozan 
4 Hokuriku 
5 Tokai 
6 Kinki 
7 Chugoku 
8 Shikoku 
9 Kyushu 

Total 

1 Hokkaido 
2 Tohoku 
3 Tozan 
4 Hokuriku 
5 Tokai 
6 Kinki 
7 Chugoku 
8 Shikoku 
9 Kyushu 

Total 

-"--
F1uid milk markets (10,000 tons) Total of 

fluid milk 1 2 3 4 5 

30.9 0 ~36.7 0 17.6 
0 49.6 21.4 8.5 0 
0 0 142.3 0 0 
0 0 U 12.5 0 
0 0 0 0 44.1 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

30.9 49.6 200.3 21.0 61.8 
._"_.",-

Manufactured milk markets Total 
within-quota o'.-er-<l,uota subtotal (10.[)(){) tons) 

188 0 188 325.4 
0 0 0 79.5 
0 0 0 142.3 
0 0 0 12.5 
0 0 0 44.1 
0 0 0 32.9 
0 0 0 36 
0 0 0 18.7 
0 0 0 59.5 

188 0 188 750.9 

6 

52.2 
0 
0 
0 
0 

32.9 
0 

1.9 
0 . 

87.0 
.-

PDOIed price 
(yenlkg) 

71.4 
75.5 
83.9 
86.6 
86.3 
84.4 
85.5 
80.5 
82.9 

7 8 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

36 0 
0 16.7 
0 0 

36.0 16.7 

Fluid milk price 
(yelll1g) 

68.8 
77.5 
85.9 
88.6 
88.3 
86.4 
87.5 
82.5 
84.9 

9 

0 
0 
0 
0 
0 
0 
0 
0 

59.5 
59.5 

137.4 
79.5 

142.3 
12.5 
44.1 
32.9 
36.0 
18.7 
59.5 

562.9 

----------
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do not affect those of designated organizations in other prefectures, then we can call this 
case the "dual structure" Nash imperfect competition spatial equilibrium model (the 
solution is shown in Table 6). From Table 6, we can see that, in the case of imperfect 
competition, fluid milk prices are higher and producer pooled prices are a little lower than 
actual levels. However, in this case, the regional fluid milk and producer pooled prices in 
this solution are closer to the actual price than the perfectly competitive case. Compared 
to Table 5, Table 6 is more complicated in the makeup of the fluid milk shipments, but the 
mutual transactions across regions is an attractive point. 

Considering the solutions in Table 6, we can fmd that the fluid milk price differences 
across some markets are larger than the transportation costs (their differences are shown 
in Table 7). For example, the fluid milk price difference between Tokai (region 5) and 
Kinki (region 6) is 109.093- 102.125=6.968yenlkg, which is larger than the transportation 
costs among these two regions of 5.52 yenlkg. Thus, the transfer from Kinki to Tokai may 
occur in reality. 

We can make an example of this transfer: That is , there is one dairy company and in 
its Kinki factory it purchases the fluid milk which is transferred to its factory located in 
Tokai. The milk can be processed and packed there, or in its Kinki factory be fore 
shipping. 

The result of the transfer decreases the quantity of final fluid milk consumed 

Table 6. F.quilibriurn solutions tmdcr dual- structure of Nash imperfectly competitive markets (1993) 

- .~ Fluid Itlilk markets (10,000 tons) Total of 
Output 

Input 

2 3 4 5 6 7 S 9 fluid m.ilk 

-I- -Hokk aido ~ 8.5 8.6 28 2.6 7.1 11.4 3.8 1.9 4.8 70.6 
2 Tohoku 

, 
4.9 12.1 :J:l.5 3.3 7.4 9.3 :1.2 1.6 4.2 79.4 

,1 Tozan 5.2 10.6 46.6 4 10.a 14.7 5.2 2.3 8 106.9 
4 Hokuriku 0 1.4 7.7 1.S 3.2 I 0.2 0.5 0 15.8 
5 Toka i 1.7 3.6 20. 4 2.' 8.3 9.4 3.2 1.6 4.2 54.9 
6 Kinki 09 0.9 10.3 1.2 4.9 9. 1 2.<i 1.4 3 34 .3 
7 Ch ugoku 0.8 1 10.5 1.3 5 7.7 5.5 1.7 7.7 41.1 

8 Shikoku 0 0 5.3 0.7 3.6 5.5 2 .5 1.6 2.8 22.0 

L_ Kyushu 1.2 2 14 1.7 5.9 9.6 5.7 2 15.3 57.2 
Total 23. 1 40.2 176.2 18.9 55.7 77.7 :)] .9 14.6 50.0 488.2 

Manufactured miJk markets TO\Jl Pooled pri(~ F'IIDd milk price 

lIithirHtu(lta I)\'P.T---{juola ",wW (10,00010n5) (yefllkg) (joew"kg) 

1 Hokkaido 188.1 82.5 270.5 347.0 75.0 109.0 
2 Tohoku 16.7 0 16.7 96.1 90. 7 107. 1 
3 Tozan 15.S 30.3 46.2 153.0 88.3 10S.1 
4 Hokuriku 0 0 0 15 .8 97.5 104.7 

5 Tokai 

I 

0 0 0 54.9 96.7 109.1 
6 Kinki 0 0 0 34 .3 96.8 102.1 
7 Ch ugoku 0 0 0 41.1 94.2 106.9 

8 Shikoku 0 0 0 22.0 96.2 108.4 

9 Kyushu 11 .9 0 11.9 69.1 88.6 108.1 
Total 232.4 \12.8 345.1 833.3 
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Table 7. Price difference of fluid milk in the case of table table 6 (yen/kg) 

2 3 4 5 6 7 8 9 

1 Hokkaido 0 
2 Tohoku 1.916 0 
3 Tozan 0.881 1.0.35 0 
4 Hokuriku 4.306 2.390 3.425 0 
5 Tokai 0.096 2.012 0.977 4.402 0 
6 Kinki 6.872 4.956 5.991 2.566 *6.968 0 
7 Chugoku 2.07:3 0.157 1.192 2.233 2.169 4.799 0 
8 Shikoku 0.613 1.303 0.268 3.693 0.709 *6.259 1.460 0 
9 K:YllShu 0.904 1.012 0.023 3.402 1.000 5.968 1.169 0.291 0 

,. indicates that the value is larger than the unit transportation cost. 

(demanded) in the Kinki region by the amount of the transfer. At the same time, the 
Kinki fluid milk price increases according to the fluid milk demand function for the Kinki 
region. Conversely, the final fluid milk consuming quantity for Tokai increases by the 
amount of transfer, and its price decreases. This kind of situation will lead to a decrease 
in the difference of these two region's fluid milk prices, and finally to make the price 
difference equal to the transportation cost between these two regions. The adjustment 
will be able to reach the new equilibrium condition. However, if we want to obtain the 
np.w p!]llilihrillm condition hy allov.ing the transfer, we need to consider how to amend 
the existing model 

INTRODUCING OF THE TRANSFER INTO THE EXISTING MODEL 

The details of our existing model are shown in Kawaguchi and Suzuki (1993, 1994), 
and Kawaguchi et al. (1994). Here, we only consider the transfer factor in order to 
amend the existing model. 

The original quadratic programming model is conveniently used to generate 
equilibrium fluid milk prices and quantities in the sales maximization problem. For any 
pair of region i and j which the transfer is allowed, all we have tu du i::> tu add the following 
new constraints to the QPP: 

PDj-PDi~tij 

PDj : the fluid milk price in region j 
PDi : the fluid milk price in region i 
tij : unit transportation cost between region i and region j 
If we let the transfer quantity from region i to region j equal XT (i, j), the new 

additional optimal conditions of QPP can be expressed as: 
XT(i,j);';'O 
XT (i, j) [PDj-PDi - tijl ~ a 
PDj - PDi~tij, 

and the existing optimal conditions concerning the equilibrium demand of fluid milk in 
region j and i are revised as follows: 

fluid milk demand in region j~total supply from all regions to region j + XT (i, j) 
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fiuid milk demand in region i=total supply from aU regions to region i-XT (i,j). 
Considering the above conditions , a positive XT (i, j) means the transfer occurs and 

that the fluid milk price difference between two regions is equal to the transportation cost 
between those regions. On the other hand, the flui d milk price difference cannot be 
larger than the transportation cost. If transfer occurs , the fiuid milk demand in region i 
deGreases by the amount of XT (i. j ) , and on the other side, the fluid milk demand in 
region j increases by the same amoWlt. 

The above case is regarding the reform of the demand and sllpply adjustment system 
in the Japanese raw milk market. Based on the amended model allowing the transfer, the 
solution of the "dual s tructure" Na . .c:h imperfect competition spatial equilibrium model is 
obtained and shown in Table 8 . We can also calculate the fiuid milk price difference 
(shown in Table 9) based on Table 8, figures which are less tha n or equal to the 
corresponding transportation cost. 

There are two examples of transfer occurring here. The first is 23.731 thousand tons 
of fluid milk transferred from the Kinki region to the Tokai region. The second one is 
13.855 thousand tons of fluid milk moved from the Kinki region to the Shikoku region. 
Furthermore, from this adjusted equilibrium fluid milk demand, we can get the 
equilibrium price. 

Table 8. Equilibrium solutions under dual-structure of Nash imperfecUy competitive markt;! t.s a llowing 
the transter (1993) 

Input Fluid milk markets (l 0,000 tons) Total of 
Output. I 2 ;1 4 5 6 7 8 9 fluid milk 

1 Hokkaido 8.5 8.6 28 2.6 0.9 11 .8 3.8 ~.7 4.8 76.7 
2 'fohoku 4.9 12.1 33.4 3.3 7.1 9.7 3 .2 1.5 4.2 79.4 
3 Tozan 5.2 10.6 46.6 4 10 15. 1 5.2 2.2 8 107.0 
4 Hokuriku 0 1.4 7.7 1.8 3 1.4 0.2 0.3 0 15.8 
5 Tokai 1.7 3.6 20.3 2.4 8.1 D.8 3.2 1.5 1.2 54.8 
6 Kinki 0.9 0.9 10.3 1.2 4.7 9.5 2.6 1.3 3 34.4 
7 Chugoku 0.8 I 10.5 1.~3 4.7 8 5.5 1.6 7.7 41.1 
8 Shikoku 0 0 5 .3 0.7 3.4 5.9 2.5 1.5 2.8 2 1.9 
9 Kyushu 1 ? 2 14 1.7 5.6 10 5 .7 1.8 15.3 57.2 

TOlaT 23.1 40.2 176.2 18.9 53.5 81.1 31.8 13.1 49.8 488.1 

Manufactured milk markets ToW Pooled price fluid milk price 
wilhirH:juota Ol'(lf-<l,u()ta subt ::otal (10,Il00 tom) (,.,kg) ~,,"'S) 

1 Hokkaido 188.0 82.4 270.4 347.0 75.1 109.0 
2 Tohoku 16.7 0 167 96.1 90.(j 107.1 
3 Tozan 15.8 30.2 46.1 153.0 88.3 108. 1 
4 Hokuriku 0 0 0 15.8 97.2 104.7 
5 Tokai 0 0 0 54.8 96 .6 108.3 
6 Klnki 0 0 0 34.3 96.9 102.8 
7 Chugoku 0 0 0 41.1 94.1 107.0 
8 Shikoku 0 0 0 21.9 96.0 106.7 
9 Kyushu 11.9 0 11.9 69.1 88.5 108.1 

Total 232.4 112.6 345.0 833.0 

XT(6, 5)=2.3731, XT(6, 8) =1.3855 
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Table 10 shows the price-quantity relations of the rmv milk supply function and the 
fluid milk demand function hold through the solutions in Table 8 (pooled price, fluid milk 
price, raw milk supply, fluid milk demand, and fluid milk transfer quantity), 

If each designated organization acts according to the Nash non-cooperative rule, and 
the designated organization of region i increases its shipments to region j, the marginal 
revenue should be equal to PDj-(lIBj)Xij based on the Table 2 demand function of fluid 
milk market j (Dj~Aj-BjPDj). In other words, if we increase one unit of shipment, the 
total revenue increases by one unit of market price \vhich, at the same time, decreases 
the market price in the amount of IlBj. The total shipment quantity is Xij, so the total 
revenue increase is in the amount ofPDj-(l/Bj)Xij (see Table ll). 

Table 9. Price difference of fluid milk in the case of table 8 (yen/kg) 

2 3 4 5 6 7 8 9 ---_ .... __ .. -

I Hokkaido 0 
2 Tohoku 1.912 0 
3 Tozan 0.877 l.03S 0 
4 Hokuriku 4.302 2.390 :3.425 0 
;) Tokai 0.711 1.201 0.166 3.591 0 
6 Kinki 5.231 4.319 5.354 1.929 5.520 0 
7 Chugoku 2069 0.157 1.192 2.233 1.358 4.162 0 
8 Shikoku 2.311 0.389 1.434 1.981 1.600 0.920 0,242 0 
9 Kyushu 0.903 1.009 0.026 3.399 0.192 5.328 1166 1.408 0 

-~---

Table 10. Analysis of the result. of table R 

_._--_._-_.- ~{aw:_!0:!ll< supply (10,000 tons)_ __.J-lg_t?~~d price (yenlkg) 

S (I) = -97,1262 +5.9181 . (75.0519) ---, 347.(J384 PP (I) = 75.0519 
S (2) = -:1.2089 ~ 1.095'3 . (90.6270) = 96.5490 PP (2) = 90.6270 
S (3) = -63.63.84 +2.4537 . (88.2975) = 153.0172 PP (3) = 88.2975 
S (4) = -14.3267 +0.:3095· (97.1859) = 15.7f)2:3 PP (4) = 97.1859 
S (5)- -4[;.0804 + 1.0:-339 . (0"'- ~aam -'--'-'v.v'-".,,--'.! - 54.7842 PP (5)- 96.5999 
S (6) = -23.1160 +0.1154· (Bo.8fi84) = :)4.2fJ::15 PP (6) = 96.8584 
S (7) = -14.2531 +1l.5880 . 04.13(9) = 41.0B5f) PP (7) = 94.1309 
S (8) = 1. 7684 +0.2100 . (96.0358) = 21.9359 pp (8) = 96.0358 
S (9) = -80,1639 + 1.6855 . (88.5424) = G9.074:3 PP (9) = 88.54-24 

Fluid milk demand (10,000 tons) Fluid milk price (yenfkg) 

D (1) = 44.2609 -0.1938· (1090230) = 23.1322 Pi) (1) = 1090230 
D (2) = 74.1382 -0.3170' (107.1110) = 4U.I~40 Pll (2) = 107.1110 
D (3) = 293.7660 -1.0873' (108.1460) = 176.1789 PD (3) = 108.1460 
D (4) = 32.9096 -0.1341 . (104.7210) = IH.8665 PD (4) = 104.7210 
D (5) = 87.6106 -0.2927 . (108.3120) = 55.9077 PD (5) = 108.3120 
D (6) = 137.9956 -0.6900 . (102.7920) = 77.3483 PD (6) = 102.7920 
D (7) = 54.5941 -0.2127 . (106.9540) = 31.8450 PD (7) = 106.9540 
D (8) = 23.4613 -0.0814 . (106.7120) = 14.7749 PD (8) = 106.7120 
D (9) = 95.0161 -0.4179 . (108.1200) = 49.8328 PD (9) = 108.1200 



Introduci ng the TransJe;' oj Products into the Spat'w i Equilibrium Model 247 

Table 11. Marginal revenue decrease,; of ( lIBj) Xij, accompan,iring the decrease of fluid milk market price 

}o"'luid milk markets (yen/kg) 
Producing regions 2 3 4 5 6 7 8 9 

43.763 27.061 25.776 I n l1 23.562 19.952 17.744 21.3!J2 11.5 10 
2 25.278 38.156 'lO.761 24.616 24.297 16.427 15. 119 17857 10.025 
3 26.653 33.421 42.886 30061 .14.802 2!).rm2 24.284 27.032 19. 190 
4 0.000 4.297 7802 13.057 10.158 2.378 1.011 4.268 0.000 
5 8.853 11.370 18.715 17.550 27.631 16.591 15.123 18.151 10.029 
6 4.G69 2.926 9.441 9.196 16.017 10.017 12.069 16017 7.066 
7 4.025 3.183 9.688 9.393 16.114 13.634 25.906 19.484 18.322 
B O.OB6 0.000 4.829 5.044 11.535 9.975 U.877 17.815 6.503 
9 6.054 6.35 1 12.56 1 12.561 19.282 16.892 26.584 22.472 36.500 

If each designated organization maximizes total revenue, then marginal revenue must 
be equal to each other. This holds true in the example as well. It should be also noted 
that we can apply the method of this study to introdur:p: t.ranRfer of product into other 
type of spatial eqUilibrium model of imperfectly competitive market , where any 
designated organization can sell the consigned milk in coali tion with some othe r 
designated organizations. 

REFERENCES 
Kawaguchi, 1'sunemasa and Nobuhiro Suzuki 19Q3 A Single-l-'rd1.lct "Dual- Structure" Spatial Imperfect 

Competition Equilibrium Model and Its AppliC'.ation to the Japanese Milk Market. Sci,Bull. Fac. Agr" 
Kyushu Univ" 48(1. 2) : 71 - 101 (in ,Japanese) 

Kawaguchi , Tsunemasa and Nobuh iro Suzuki 1994 An Application of Single-Product "Dual-Structure" 
Spatial Imperfect Competition Equilibri um Model to the Japanese Milk Market. Journat of Rural 
Ecmw1nics., 66-1: 22-34 ( in Japallf~se) 

Kawaguchi , Ts wlemasa, Suzuki, N. and K. Kobayashi 1994 An Analysis oj Milk Market'ing Policy in 
Japan after the Uruguay Round - Choice Between Competition and Cooperation - . Association 
of Agriculture and Forestry Statistics, Tokyo (in Japanese) 

Kawaguchi, Tsunemasa 1995 On the Regional Adjustment System of Raw Milk Marketing in Japan 
Controlled by Realistic Milk Marketing Board of Japanese Style - Adjustment by Marginal Revenue 
Principle Allowing 'T'ran,;fer among Markets - Da.iryman, 45(9): 34-36 (in Japanese) 

Kawaguchi, Tsunemasa 1995 On the Improvement of the Marginal Revenue Principle for Regional 
Adjustment System of Raw Milk Marketing - Adjustment by the Flujd Milk Premium Principle -
Dairyman, 41S ( IO): 28-30 (in Japanese) 

Kawaguchi, Tsunemasa and Nobuhiro Suzuki 1996 An Econometric Analysjs of the Opt.imal St.rategy for 
Regional Fluid Milk Marketing. In "1 995 Report of Livestock Products Demand Development Research 
Project", ed. by Livestock Industr.y Promotion CounciJ (in Japanese), pp. 403-426 

Kawaguchi, Tsunemasa 1996 On the Importance of Maintaining Control Power to Check the Linkage of 
Manufactured and Fluid Milk Price. Dairyman, 46(9): 22-25 (in Japanese) 

Sasaki, K. 1970 Spatial Equilibrium in Eastern Japan Pork Industry. J. oj Rural Economics, 42-1: 
11-19 (in Japanese) 

Suzuki, Nobuhiro and D. H. Judson 1991 An Assessment of Deficiency Payments to Milk Producers in 
Japan. Western Jourrw,l of Agricuitww Economics, 16( 1): 119-131 

Suzuki, Nobuhiro and Hany M. Kaiser 1994 Basic Mechanisms of Japanese Dairy Policy and Milk Market 
Models: A Comparison 'with United States Dairy Policy. 1. Dairy Sci., 77: 1746-1754 



248 L. Lin et ai. 

Suzuki , Nobuhiro 1994 ETTtpirical Analyses oj lmpmfi!ct Competition in l'rfitk Markets . National 
Research InSLi tute of Agricultural8conomics, Tokyo, Japan (in Japanese) 

Suzuki, Nobuhiro and T. Ka\\'aguchi 1996 F.ffects of Increasing Milk Movements from Hokkllido to Other 
Prefec tures and Possibilities of Jnterregioll al Ma rketi ng Coordination . Quarrerly Journal oj 
Agricultural Economy, 50-3: 37- 72 (in Japanese) 

- ----------


